US005687118A 

United States Patent m n» Patent Number: 5,687,118 

Chang [45] Date of Patent: Nov. 11, 1997 



[54] PMOS MEMORY CELL WITH HOT 

ELECTRON INJECTION PROGRAMMING 
AND TUNNELLING ERASING 

[75] Inventor: Shang-De Ted Clung, Fremont, Calif. 



[73] 




[21] AppL No.: 557,589 
[22] Fifed: Nov. 14, 1995 

[51] IntCL 6 GUC 11/34 

[52] US. CI „ _ 36S/I85.19;365/185.1; 

365/185.27:257/315 

3^1857l9ll!57airi85^!"5 7 dl!Vii 
316.317 

[56] References Cited 

U.S. PATENT DOCUMENTS 



4,435,790 3/19H4 Tickle etal 365^218 




FOREIGN PATENT DOCUMENTS 




IBM Corp., "High Speed, Low-Power/Low-Voltage 
P-Channel NVRAM Vsing Channel-Hot-Carrier Program- 
ming and Tunneling Erase Through Siticon-Rich Oxide", 
IBM Technical Disclosure BulL. voL 35. 5:339-40 (Oct 
1992). 



Yang. "Microelectronic Devices." McGraw-Hill Inc.. pp. 
85. 285. 346-347 1988. 

Masoned Kikuchi. Shuichi Ohya and Machio Yamagishi, A 
New Technique To Minimize The EPROM Cell IC Division. 
Nippon Electric Company. Ltd., 1753. Shimonumabe, 
Kawasaki. lapan. pp. 181-182. 

Dov Frohman^entehkowsky. INTEL Corporation. Santa 
Clara. California, FAMOS-A New Semiconductor Charge 
Storage Device, Solid State eectronics 1974, vol. 17 pp. 
517-529. 

Constantine A. Neugebauer and James F. Burgess, General 
Electric Corporation, Session XV: Programmable Rea- 
d-Onfy Memories, Feb. 18. 1977. pp. 184-185. 
S. Baba. A. Kita and J. Ueda. Mechanism of Hot Carrier 
Induced Degradation IN Mosfefs, VLSI R&D Center. OK 
Electric Industry Co.. Ltd., 1986, pp. 734-737. 
Primary Examiner— David C. Nelms 
Assistant Examiner— F. Niranjan 

Attorney, Agent, or Firm-Flehr Hohbach Test; Attrition & 
Herbert LLP; William L. Paradice m 
[57] ABSTRACT 

A P-channel MOS memory cell has P+ source and drain 
regions formed in an N-well. A thin tunnel oxide is provided 
between the well surface and an overlying floating gate. In 
one embodiment, the thin tunnel oxide extends over a 
substantial portion of the active region and the device. An 
overlying control gate is insulated from the floating gate by 
an insulating layer. The device is programmed via hot 
electron injection from the drain end of the channel region 
to the floating gate, without avalanche breakdown, which 
allows the cell to be bit selectable during programming. 
Erasing is accomplished by electron tunneling from the 
floating gate to the N-well with the source, drain, and N-well 
regions equally biased. Since there is no high drain/well 
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FIG. 2A 
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FIG. 2C 
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FIG. 3 




FIG. 4 
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FIG. 6 
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FIG. 7 




FIG. 9 
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FIG. 11 
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FIG. 13 
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PMOS MEMORY CELL WITH HOT The floating gate of a typical EEPROM memory cell is 

ELECTRON INJECTION PROGRAMMING charged by the tunneling of electrons through a thin oxide 

AND TUNNELLING ERASING layer insulating the floating gate from the source, drain, and 

channel. For instance, such an EEPROM cell may be erased 
CROSS REFERENCE TO RELATED 5 by 2 0 volts to the control gate while the source, 

APPLICATIONS drain, and substrate are grounded. The resultant electric field 

This application is related to the US. patent application caMSCS electrons to tunnel through the oxide layer from the 
Ser. No. 08/557,5 14 entitled "A PMOS Flash Memory Cell source, drain, and channel to the floating gate. 
Capable of Multi-level Threshold Voltage Storage", U.S. ' " ' ' " 

patent application Ser. No. 08/557,442 entitled "Non- 1( 
volatile ElectricaUy Erasable Memory with PMOS Transis- 
tor NAND Gate Structure", both filed on Nov. 14, 1995, and 
U.S. patent application Ser. No. 08/560249 entitled "PMOS 
Flash EEPROM Cell with Single Poly", filed on Nov. 21, 
1995. 1 



volts- The application of such high programming an 
voltages across P/N Junctions within the EEPROM ceU 
undesirably limits the amount by which the cell size may be 




ting-gate avalanche-injection MOS (FAMOS) 
je programmed by applying i " 
ss the N-well/drain junction ' 




he ETOX Flash EPROM 

m reliability problems as a result of high N+ source/ 

' 'n voltages during erasing. Moreover, 

...... - ;5 the cell of FIG. 1 illustrating programming of the cell; 

FIG. 2C is a cross-sectional view of a portion of the ct 
of FIG. 1 illustrating erasing of the cell; 



FIG. 3 is an array employing the cells of FIG. 1; 

FIG. 4 is a cross-sectional view of the cell of FIG. 1 
implemented as part of a NOR cell; 

FIG. 5 is an array employing cells of FIG. 4; 

FIG. * is a cross-sectional view of the cell of FIG. 1 
implemented as part of a Flash cell; 

FIG. 7 is an array employing the cells of FIG. «; 

FIG. 8 is a cross-sectional view of the cell of FIG. 1 
implemented as part of an EEPROM cell; 

FIG. 9 is an array employing the cells of FIG. 8; and 

FIGS. 10-13 mustt *« the^fataication of a P-channel 




now to FIGS. 1 
N-well 18, approximately 12 V is applied to control gate 26, 
and approximately 2 V is applied to P+ drain 16. P+ source 
' 14 is at a floating potential. The reverse bias across the P+ 
drain 16 and N-well 18 junction, combined with me positive 
voltage coupled to floating gate 22 via control gate 26, 
creates a sufficiently high electric field in a region 31 near 
the interface of tunnel oxide layer 24 and depletion region 30 



Referring to FIG. 1, a flash memory cell 10 has a channel 
12 extending between P+ source 14 and P+ drain 16 regions 
formed in an N- well 18 of a P- substrate 20. Note that 
although shown in FIG. 1 as being formed in N- well 18, ; 
cell 10 may in other embodiments may be formed in any 
other suitable underlying N- type structure. A floating gate 
22 is insulated from the surface of N- well 18 by a thin 
tunneling oxide layer 24. In the preferred erribodirnent 
shown in FIG. 1. tunneling oxide layer 24 has a thickness of 
approximately 80-130 A and extends over the entire length 
of channel 12 and portions of both P+ source 14 and P+ drain 

16. It is to be understood, however, that in r"- 

rg oxide layer 24 may be of 
is, length being in the 



Insulated from floating gate 22 by an 



region 31 into floating gate 22, as 



al by arrow 3. In 




180-350 A. In the preferred embodiment, cell 10 should, i 
its normal or erased state, have a threshold voltage V T equal 
* " V depending upon the par- 



18 and applying approximately -8 volts t< 
gate 26. Acceptable ranges for such voltages are listed below 
in Table 1 as "Erase Option 2". The application of Option 2 



ag voltages of only 8 volts to be used 



The operation of cell 10 is as follows. To program cell 10, 
approximately 8 V is applied to P+ source 14 and N- well 
18 while drain 16 is held at 2V. The voltage at control gate ,! 
26 is ramped up from V„ to ar^Koxirnately 12 V. Acceptable 



Table 1. Now referring also to FIG. 2A. positively charged 
holes near source 14 and channel 12 are attracted to the less 
positive voltage on P+ 



Where it is desired to read cell 10, V„ is applied as 
voltage to source 14 and N— well 18. A voltage betv 
and depending upon the associated array co 
is applied to control gate 26. A voltage less 
applied to P+ drain 16. Cell 10 w 




ifffrt If! 



IF L T Z I E 




in accordance with the present 15 spacers 142 are then formed by conventional means on th 

ill be discussed below in the context of a larger sides of control gate 122 and gates 124, 126. and 128. 

PMOS cell 10 and PMOS tr< - 
again masked and N-type di 




m in FIG. 13. The PMOS 

from the scope of the pr 

„ m to FIG. ». structure 100 includes a P-type sidcwall spacers 142 on either side of control gate 122 are 
substrate 102 having formed by conventional means therein dipped. This ensures that in a subsequent doping step the 
an N- well 1*4 and a P- well 10*. The resistivity and M source and drain regions of cell 1* will be of a P+ diffusion 
thickness of N-well 104 and P- well 106 will depend upon structure, as opposed to the lightly doped drain (LDD) 
the desired characteristics of the devices to be formed structure of P-/P+ diffusion region 134/134n. After this 
therein. Field oxide regies 108 approximately 7500 A track mask is removed. NMOS transistor 10c is masked and 
and a layer of pad oxide lit approximately 240 A thick are P-type implants, preferably BFj, are implanted at an energy 
formed on a top surface of substrate 102 by any suitable M of 50 keV and a dosage of 2E15 ions/cm 2 into N-well 104 
■ ng layer 112. which may be photo-resist or to form P+ regions 134a, 136a, 138a. and 140a. Thus. P+ 
„' is 136a and 138a serves as the source and 

ts, respectively, of cell 10. The N-/N+ diffusion 

m in FIG. 10. regions 130/130a and 132/1 32a will serve as the source and 



us at 50 keV) and a diffusion regions 134/134<i and 1367136a w: 

dosage of approximately 2KI3 ions/cm 2 into aportion 111 of source and drain regions, respectively, of PMOS peripheral 

N-well 104 which will become in later steps channel 111 of transistor 10a. and P-/P+ diffusion regions 138/138a and 

cell 10. Making layer 112 is then removed by a suitable 140/14*3 will serve as the source and drain regions, 
etchant. After forming a tunnel oxide layer 114 approxi- 40 respectively, of PMOS peripheral transistor 10ft. The 

mately 80-130 A thick, a poly-silicon layer is deposited over remaining portions of structure 100 may be completed 

structure IN andselectively etched to form floating gate according to well known fabrication techniques. 

116. An ONO insulating layer 118 is formed and then The process described above with respect to FIGS. 10-13 

selectively etched, as indicated in FIG. 11. so as to com- requiresfewermaskmgster<smandoconventionalprocesses 

Portions of pad oxide 110 are removed using suitable source and drain regions of cell 10 may be 



N-type dopants such as Arsenic is 




sterling now to FIG. 12. PMOS cell 10 
listers 10a and 10* are masked. N-type dop 
phorus is implanted at an energy 

and a dosage of apiroximately 3E13 ions/cm 2 into 60 10b-10c in an N-well stt 
;11 106 to form N- regions 130 and 132 which will serve 
ce and drain regions, respectively, of NMOS periph- 
eral transistor 10c. This n 




a second insulating layer overlying said floating gate; and 
a control gate overlying said 
wherein said cell is programmed by applying 

Jy 5-15 volts to said P+ 
N-type well region, grounding sai 
applying a voltage which ramps from a supply voltage 
to as high as approximately 1 ' — 



prammPd lw^. iZ™ JSwT^ H lllnt g™rdned by applying between approximately 5 and 15 volts 

grammed by applyuig between apimximately 5-15 volo to t0 said P+ sourcM attd to £aid weU • grounding 

X to SS^ B *PP™"^^y 5-16 applying a voltage which ramps from 0 to as high as 

volts to said control gate. anoroiimatelv I fi volM to taM control o»l K 




4. The: 

applying between approximately 3-15 volts to said P+ 
source, to said N-type well region, and to said P+ drain, and 
applying between armrc*imately -3 and -15 volts to said 
control gate. 

applying said supply voltage to said P+ source and to said 
N-type well region, applying a voltage between approxi- 
mately 0 volts and said supply voltage to said control gate, 
and applying aread voltage less than a supply voltage to said 



an N-type well region having formed therein a P+ source, 
a P+ drain, and a channel region extending between 4 
said P+ source and said P+ drain; 

a first insulating layer overlying said N-type well region; 

a floating gate overlying said first insulating layer; 

a second insulating layer overlying said floating gate; 




12. The si 
applying said supply voltage to 
N-type well region, grounding said first and second word 
lines, and applying a voltage between approximately 0 volts 
and said supply voltage to said council gate and to said bit 

13. A method of programming a floating gate P-cbannel 
memory cell having a P+ source and a P+ drain formed in 
an N-type well region, said method comprising the steps of: 

applying a first bias voltage to said P+ source and to said 



ring a third bias voltage to a control gate of said cell 
and said P+ 



5 and 15 volts, said 
. proximately 0 and 2 
and said third bias voltage is between approxi- 

method of programming a floating gate P- 



an N-type well region, said method comprising the steps of: 
applying , first Mas votage to said P + source and to said 
to said cell is erased by well region of said cell; 

applying between approximately 3-13 volts to said P+ applying a second bias voltage to said P+ drain; 
sources, to said N-type well region, and to said bit line, « applying a third bias voltage to a control gate of said cell 
grounding said word line, and applying between approxi- to cause Ihe ace"' —-— 

8. The structure of claim 6. wherein said cell is read by said holes collir 

applying a supply voltage to said P+ sources and to said of said drain to 

N-type well region, grounding said control gate, and apply- 63 



voltage to said word line and to said bit line. 



